C. garciniifolia F. C. How & C. N. Ho, and C. diplopetala Hand.-Mazz. ( Qin and Boufford, 2007 ) . Carallia brachiata is the most common species in this genus and is geographically widespread from Madagascar throughout tropical Asia to Australia (Queensland), Melanesia, and Micronesia ( Hou, 1958 ) . Recently, we have sequenced the leaf transcriptome of C. brachiata to investigate genetic characteristics of this species (Huang et al., unpublished data) . Here we developed and characterized 18 expressed sequence tags-derived simple sequence repeat (EST-SSR) markers in C. brachiata , and tested the potential utility of those markers across species within Carallia . As Ellis and Burke (2007) proposed, EST-SSRs are easier and less expensive to develop, as well as more transferable across taxonomic boundaries, in comparison to genomic SSR markers.
METHODS AND RESULTS
Using an improved cetyltrimethylammonium bromide (CTAB) method ( Fu et al., 2005 ) , total RNA was extracted from the leaf of one individual of C. brachiata collected from Baiyun Mountain (23 ° 10 ′ 47 ″ N, 113 ° 17 ′ 50 ″ E) in Guangzhou, Guangdong, China. A voucher specimen ( L. Hu 110154 ) was deposited in the herbarium of Sun Yat-sen University (SYSU). RNA integrity was checked using 1.0% agarose gel electrophoresis and a 2100 Bioanalyzer (Agilent, Santa Clara, California, USA) analysis. cDNA libraries were prepared for sequencing following the Illumina protocol, and paired-end short read sequencing was done using the Illumina Genome Analyzer II system (Illumina, San Diego, California, USA) at BGI-Shenzhen, China ( Huang et al., 2012 ) . A total of 13.66 million 90-nucleotide paired-end reads were obtained and assembled using Trinity (release 20110519) with the default parameters ( Grabherr et al., 2011 ) . Redundant sequences (minimum identity = 99%) were removed using CAP3 ( Huang and Madan, 1999 • Premise of the study: Microsatellite markers were developed for Carallia brachiata to assess the genetic diversity and structure of this terrestrial species of the Rhizophoraceae.
• Methods and Results: Based on transcriptome data for C. brachiata , 40 primer pairs were initially designed and tested, of which 18 were successfully amplifi ed and 11 were polymorphic. For these microsatellites, one to three alleles per locus were identifi ed. The observed and expected heterozygosities ranged from 0 to 0.727 and 0 to 0.520, respectively. In addition, all primers were successfully amplifi ed in two congeners: C. pectinifolia and C. garciniifolia .
• Conclusions: The microsatellite markers described here will be useful in population genetic studies of C. brachiata and related species, suggesting that developing microsatellite markers from next-generation sequencing data can be effi cient for genetic studies across this genus. ( Rozen and Skaletsky, 1999 ) , primer pairs were designed for 40 SSR loci whose PRIMER_PAIR_PENALTY was <0.2, with the following parameters: PRIMER_PRODUCT_SIZE_RANGE = 100-300 bp, PRIMER_MAX_ END_STABILITY = 250, the start base of the TARGET = three bases before the start position of SSR, and the length of the TARGET = six bases longer than the size of SSR. Default values were used for all other parameters.
To assess variability among these 40 loci, 35 individuals of C. brachiata were sampled from three populations: Zhuhai, Guangdong ( Y. Huang 140211 ) were also sampled to detect the effi ciency of these markers in cross-species amplifi cation. All voucher specimens were deposited at SYSU.
All sampled leaves were dried by silica gel and then total genomic DNA from each individual was isolated using the CTAB method ( Doyle, 1991 ) . PCR amplifi cations were performed in a fi nal volume of 30 μ L, containing 60 ng of genomic DNA, 1 × PCR buffer (10 mM Tris-HCl [pH 8.4] and 1.5 mM MgCl 2 ; TransGen Biotech Co., Beijing, China), 0.2 mM dNTPs (Bocai Biotech Co., Shanghai, China), 0.5 μ M of each primer (Life Technologies, Shanghai, China), and 1 unit EasyTaq DNA polymerase (TransGen Biotech Co.). The PCR reactions were carried out under standard conditions for all primers in a Bio-Rad PTC-200 thermocycler (Bio-Rad Laboratories, Hercules, California, USA) with the following cycling conditions: initial denaturation at 94 ° C for 4 min, followed by 32 cycles of 94 ° C for 40 s, 56-60 ° C for 30 s, and 72 ° C for 30 s, with a fi nal extension of 10 min at 72 ° C. The annealing temperatures ranged from 56 ° C to 60 ° C for different primer pairs. Amplifi cation products were electrophoresed through 8% polyacrylamide denaturing gels and visualized by silver staining. The band size was calculated by comparison with a 20-bp DNA ladder (TaKaRa Biotechnology Co., Dalian, China).
Of the 40 primer pairs, 22 failed to amplify the expected products. Of the remaining 18 loci, 11 displayed clear polymorphisms in C. brachiata ( Tables 1 and 2 ) . The presence of null alleles was detected by MICRO-CHECKER version 2.2.3 ( van Oosterhout et al., 2004 ) for all loci. Genetic diversity indices were calculated using the software POPGENE ( Yeh and Boyle, 1997 ) , including the number of alleles, observed heterozygosity, and expected heterozygosity ( Table 2 ) . The number of alleles per locus ranged from one to three in each population. The observed heterozygosity ranged from 0 to 0.727, and the expected heterozygosity ranged from 0 to 0.520 ( Table 2 ). All 18 primer sets also successfully amplifi ed SSR loci in C. pectinifolia and C. garciniifolia . All 18 SSR loci were at HardyWeinberg equilibrium and had no indication of null alleles. There was also no signifi cant linkage equilibrium ( P < 0.05) between locus pairs ( Table 2 ).
CONCLUSIONS
Our results have shown that transcriptome sequencing is a valuable source of microsatellite markers in C. brachiata as T ABLE 1. Characteristics of 18 microsatellite loci developed in Carallia brachiata .
Locus
Primer sequences (5 ′ -3 ′ ) Repeat motif Allele size (bp) T a ( ° C) GenBank accession no. Putative function 
